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MANUFACTURING METHOD FOR A GLASS
FILM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an improvement of a manu-
facturing method for a glass film.

2. Description of Related Art

As is well known, flat panel displays (FPDs) have become
mainstream as image display devices in recent years, the
FPDs being typified by a liquid crystal display (LCD), a
plasma display (PDP), an OLED display (OLED), and the
like. Progress is being made toward further reducing the
weight of those FPDs, and hence there is promoted further
thinning of glass sheets used as a main component for the
FPDs.

Further, for example, there is a growing use of an organic
light-emitting diode not only for applications to a display that
uses TFTs to blink light of three primary colors, but also as a
plane light source, such as a backlight of the LCD and a light
source for interior illumination, which emits only mono-
chrome light. An illumination device that uses the organic
light-emitting diode as a light source may have a freely
deformable light-emitting surface as long as the organic light-
emitting diode is constructed of a flexible glass sheet. There-
fore, from the viewpoint of ensuring sufficient flexibility,
there is also promoted further thinning of the glass sheet to be
used for this type of illumination device.

As a method of cleaving the above-mentioned glass sheet
to be used for the FPD, illumination device, and the like into
a predetermined size, the following method is generally
employed. That is, a scribe having a predetermined depth is
engraved in the front surface or the back surface of the glass
sheet along a preset cleaving line, and then a bending stress is
applied to the scribe to cleave the glass sheet. However, in a
case where the glass sheet is thinned into a state of a glass
film, the scribe engraving itself is extremely difficult, and
further, there may arise such a problem that the strength of the
glass sheet significantly decreases due to a small defect such
as a lateral crack formed in the cleaved surface. In particular,
a long (band-like) glass film formed from molten glass by
various manufacturing methods is required to be successively
cleaved along the preset cleaving line extending in a delivery
direction (longitudinal direction) of the glass film while being
delivered in the longitudinal direction. However, the succes-
sive bending stress is not easily applied with high accuracy to
the band-like glass film that is being delivered in the longitu-
dinal direction thereof.

Therefore, when the band-like glass film is successively
cleaved along the preset cleaving line extending in the longi-
tudinal direction thereof, a cleaving method using a thermal
stress has been employed in place of the cleaving method
using the bending stress. Specifically, in this method, as
described in Patent Literature 1 below, the band-like glass
film is locally heated along the preset cleaving line extending
in the longitudinal direction thereof while being delivered in
the longitudinal direction, and then the locally heated portion
(region) is cooled. As a result, a thermal stress is generated, to
thereby successively cleave the glass film (in the longitudinal
direction thereof).

In a case where the above-mentioned successive cleaving is
performed in order to divide the band-like glass film into a
portion to be finished into a predetermined glass product
(hereinafter, referred to as “product glass portion”) and an
unnecessary portion which cannot serve as a glass product
(hereinafter, referred to as “unnecessary glass portion”), the
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product glass portion thus divided is continuously delivered
to the downstream side and finished into a glass roll, a glass
sheet having a predetermined dimension, or the like. On the
other hand, the unnecessary glass portion thus divided is
continuously delivered to the downstream side and sequen-
tially broken into short glass sheets to be collected. Note that,
the collected short glass sheets may be discarded directly, but
are generally reused as a material for forming a glass film or
the like.

CITATION LIST
Patent Literature
Patent Literature 1: JP 2000-335928 A

SUMMARY OF THE INVENTION

By the way, in the manufacturing method as described in
Patent Literature 1 above, except for the early stage of form-
ing the glass film, the above-mentioned successive cleaving
of'the glass film and collecting step in which the unnecessary
glass portion is broken and collected are basically progressed
at the same time. Further, during the period in which the
unnecessary glass portion is being broken, there may occur, in
many cases, such vibrations that the continuously delivered
unnecessary glass portion vibrates mainly in a thickness
direction thereof. Therefore, when the above-mentioned
respective steps are performed at the same time without tak-
ing any measure, the vibrations occurring along with the
breaking of the unnecessary glass portion are transmitted to
part of the glass film that is being cleaved. As a result, the
cleaving accuracy of the glass film and, by extension, the
quality of the product glass portion (glass product) may be
affected adversely. It is considered that such a problem may
be solved by, for example, installing a collecting device for
breaking the unnecessary glass portion and collecting the
broken unnecessary glass portion in a position separated so
that the vibrations occurring along with the breaking of the
unnecessary glass portion are not transmitted to the part of the
glass film that is being cleaved, or not easily transmitted
thereto. However, there arises such a new problem that a
manufacturing line is unnecessarily upsized.

In view of the above, the present invention has an object to
provide a manufacturing method for a glass film, which is
capable of obtaining a high-quality product glass portion
from a band-like glass film without unnecessarily upsizing a
manufacturing line therefor.

Solution to Problem

In order to achieve the above-mentioned object, the present
invention provides a manufacturing method for a glass film,
including, in this order: a cleaving step of dividing a glass film
having a band shape into a product glass portion and an
unnecessary glass portion by successively cleaving, while
delivering the glass film in a longitudinal direction thereof,
the glass film along a preset cleaving line extending in the
longitudinal direction using a thermal stress that is generated
along with localized heating performed along the preset
cleaving line and cooling performed after the localized heat-
ing; and a collecting step of sequentially breaking or shatter-
ing the unnecessary glass portion, which is continuously
delivered in the longitudinal direction, and collecting the
broken or shattered unnecessary glass portion, in which the
cleaving step is followed by vibration regulating processing
of regulating vibrations of the unnecessary glass portion in a
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thickness direction thereof, the vibration regulating process-
ing being executed in at least one location in the longitudinal
direction of the unnecessary glass portion together with the
collecting step executed on a downstream side of the at least
one location of the vibration regulating processing. Note that,
the “breaking of the unnecessary glass portion” is intended to
be breaking of a long, band-like unnecessary glass portion
into short glass sheets having a dimension in the longitudinal
(delivery) direction that is about several tens of millimeters to
several hundreds of millimeters. Further, the “shattering of
the unnecessary glass portion” is intended to be shattering of
the above-mentioned unnecessary glass portion into minute
glass pieces.

As described above, in the manufacturing method for a
glass film according to the present invention, the vibration
regulating processing of regulating vibrations of the unnec-
essary glass portion in the thickness direction thereof is per-
formed, and meanwhile, the above-mentioned collecting step
is executed on the downstream side of the vibration regulating
processing location. Thus, the vibrations occurring along
with the breaking or shattering of the unnecessary glass por-
tion are not easily transmitted to the cleaved portion of the
glass film (portion of the glass film that is being cleaved by the
thermal stress), with the result that the cleaving accuracy of
the glass film and, by extension, the quality of the product
glass portion can be improved. Besides, such an effect is
obtained by executing, after the cleaving step is executed, the
regulation of the vibrations of the unnecessary glass portion
in the thickness direction thereof'in at least one location in the
longitudinal direction of the continuously delivered unneces-
sary glass portion. Thus, it is possible to avoid unnecessarily
upsizing the manufacturing line for a glass film.

In the above-mentioned structure, the vibration regulating
processing may be executed so that the vibrations of the
unnecessary glass portion in the thickness direction thereof
are regulated in a plurality of separate locations in the longi-
tudinal direction of the unnecessary glass portion.

In this manner, the effect of controlling the vibrations of the
unnecessary glass portion in the thickness direction thereof
can be enhanced as compared to the case where the vibrations
are regulated in only one location in the longitudinal direction
of the unnecessary glass portion. Thus, it is expected that the
cleaving accuracy of the glass film can further be enhanced,
that is, a higher-quality product glass portion can be obtained.

In the above-mentioned structure, there may be further
provided, after the cleaving step, a separating step of separat-
ing the product glass portion and the unnecessary glass por-
tion from each other by changing a delivery direction of at
least one of the product glass portion and the unnecessary
glass portion. In this case, the cleaving step is followed by the
vibration regulating processing together with the separating
step executed on a downstream side of the at least one location
of the vibration regulating processing.

When the above-mentioned separating step is provided, it
is possible to prevent, to the extent possible, the adjacent
cleaved surfaces of the product glass portion and the unnec-
essary glass portion from interfering with each other, which
may result in a small defect occurring in the cleaved surface of
the product glass portion. When the separating step having
such an effect is executed while performing the vibration
regulating processing after executing the cleaving step, and
executed on the downstream side of the vibration regulating
processing location, the effect of absorbing the vibrations
occurring along with the breaking and shattering of the
unnecessary glass portion can be enhanced as compared to
the case of executing the separating step on the upstream side
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of the vibration regulating processing location. Therefore,
such a configuration is advantageous in obtaining a high-
quality product glass portion.

In the above-mentioned structure, the vibration regulating
processing may be executed by nipping the unnecessary glass
portion using a first member and a second member to be
brought into contact with a front surface and a back surface of
the unnecessary glass portion, respectively.

With this structure, the vibration regulating processing for
the vibrations of the unnecessary glass portion in the thick-
ness direction thereof can be executed by taking a simple
measure and, by extension, the cleaving accuracy of the glass
film can be improved.

As the above-mentioned first member, for example, there
may be used a draggably rotatable roller member, in other
words, a roller member rotatable when being brought into
contact with the front surface of the unnecessary glass portion
(delivered in the longitudinal direction thereot), or a member
movable in synchronization with the unnecessary glass por-
tion under a state in which the member is held in contact with
the front surface of the unnecessary glass portion. On the
other hand, as the above-mentioned second member, there
may be used a conveyor for delivering the unnecessary glass
portion in the longitudinal direction thereof, irrespective of
whether the first member is constructed of any one of the
members described above or constructed of other means.

Further, in the above-mentioned structure, the collecting
step may be processing of shattering the unnecessary glass
portion into glass pieces and collecting the glass pieces. Spe-
cifically, the processing may be configured to shatter the
unnecessary glass portion into the glass pieces in a manner
that the unnecessary glass portion is introduced into a shat-
tering passage through an introduction port situated on one
end side of'the shattering passage and is vibrated by an airflow
formed inside the shattering passage to collide against an
inner wall of the shattering passage.

In the case where the collecting step is configured to
execute the processing of shattering the unnecessary glass
portion into glass pieces and collecting the glass pieces as
described above, a mechanically movable mechanism may be
used for shattering the unnecessary glass portion into glass
pieces. However, there is such a problem that the mechani-
cally movable mechanism is large and complicated, and is
easy to fail. In contrast, with the above-mentioned structure,
the unnecessary glass portion introduced into the shattering
passage is forced to vibrate by the airflow formed inside the
shattering passage, to thereby collide against the inner wall of
the shattering passage. In this manner, the unnecessary glass
portion is shattered into glass pieces. Thus, there is no need to
arrange the mechanically movable mechanism inside the
shattering passage for shattering the unnecessary glass por-
tion, and accordingly, it is possible to simplify the manufac-
turing line and reduce the frequency of failure to improve the
line operating rate. Further, the vibrations imparted by the
airflow and the vibrations caused by the collision against the
inner wall of the shattering passage are not easily transmitted
to the cleaved portion of the glass film by executing the
vibration regulating processing (due to presence of vibration
regulating means), and accordingly, the cleaving accuracy of
the glass film can be improved.

The above-mentioned manufacturing method for a glass
film according to the present invention is suitably applicable
to a case of manufacturing a glass film having a longitudinal
dimension exceeding 4 m. This is because the bending stress
is not easily applied with high accuracy when successively
cleaving the long glass film in the longitudinal direction
thereof, and hence the method utilizing a thermal stress is
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employed in actuality. Further, the manufacturing method for
a glass film according to the present invention is particularly
suitably applicable to a case of manufacturing a glass film
having a thickness of 200 um or less.

Advantageous Effects of the Invention

As described above, according to the present invention, it is
possible to obtain a high-quality product glass portion from a
band-like glass film without unnecessarily upsizing a manu-
facturing line therefor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 A schematic side view illustrating an example of a
manufacturing line to be used for implementing a manufac-
turing method for a glass film according to the present inven-
tion.

FIG. 2 A sectional view taken along the line Y-Y of FIG. 1.

FIG. 3 A schematic side view illustrating another example
of vibration regulating means.

FIG. 4a An enlarged view of a main part of the vibration
regulating means illustrated in FIG. 3.

FIG. 45 An enlarged view of the main part of the vibration
regulating means illustrated in FIG. 3.

FIG. 5a A schematic side view illustrating still another
example of the vibration regulating means in time series.

FIG. 5b A schematic side view illustrating the still another
example of the vibration regulating means in time series.

FIG. 5¢ A schematic side view illustrating the still another
example of the vibration regulating means in time series.

FIG. 5d A schematic side view illustrating the still another
example of the vibration regulating means in time series.

FIG. 6 A schematic side view illustrating another example
of the manufacturing line to be used for implementing the
manufacturing method for a glass film according to the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, an embodiment of the present invention is
described with reference to the drawings.

FIG. 1 is a schematic side view illustrating an example of a
manufacturing line (manufacturing apparatus) 1 to be used
for implementing a manufacturing method for a glass film
according to the present invention. The manufacturing line 1
mainly includes, in combination, a forming area A1, a cleav-
ing area A2, a separating area A3, a finishing area A4, and a
collecting area A5 which are described below in detail.

The forming area A1 is a forming step area for forming a
long (band-like) glass film G having a longitudinal dimension
exceeding 4 m, and a forming device 2 is provided in the
forming area Al. As the forming device 2, there is herein used
a forming device for forming the glass film G by a so-called
overflow downdraw method, in which molten glass is succes-
sively drawn downward vertically. In the overflow downdraw
method, the forming of the glass film G proceeds under a state
in which the surface thereof is only held in contact with
outside air (atmospheric gas in the forming device 2), and
hence there is an advantage that high flatness can be ensured
for the surface of the glass film G. Therefore, in a case where
the glass film G is used as, for example, a glass substrate for
an FPD, it becomes easy to form fine elements and wiring on
the surface thereof with high precision.

Note that, in the drawings including FIG. 1 which illustrate
the embodiment of the present invention, the thickness of the
glass film G is exaggerated, and the actual thickness of the
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6

glass film G is 300 um or less. In other words, the manufac-
turing method for a glass film according to the present inven-
tion is employed particularly suitably for manufacturing a
glass film G having a thickness of 300 um or less, preferably
200 pum or less, more preferably 100 um or less.

The band-like glass film G formed in the forming device 2
and delivered from the forming device 2 is transferred to a
conveyance device 3 for conveying the glass film G in a
longitudinal direction thereof. At the end of the upstream
portion of the conveyance device 3, a curved conveyance
section 4 curved into an arc shape is provided, and the glass
film G delivered from the forming device 2 is delivered along
the curved conveyance section 4 to the downstream side, with
the result that a traveling direction of the glass film G is
converted from a vertical direction to ahorizontal direction. A
horizontal conveyance section 5 that constructs the convey-
ance device 3 together with the curved conveyance section 4
(further, with an inclined conveyance section 6 described
later) is connected at its upstream end to a downstream end of
the curved conveyance section 4, and the glass film G deliv-
ered along the horizontal conveyance section 5 to the down-
stream side is first introduced into the cleaving area A2.

Note that, the horizontal conveyance section 5 that con-
structs the conveyance device 3 includes a plurality of linearly
arranged conveyors 7 each including an endless belt member
8 and drive means 9 for driving the belt member 8. The drive
speed of the belt member 8 (conveyor 7) may be set as appro-
priate depending on the forming speed of the glass film G
(delivery speed of the glass film G from the forming device 2),
but is basically set substantially equal to the forming speed
because a speed difference therebetween may cause trouble
with the conveyance of the glass film G to the downstream
side, which is supposed to be performed smoothly.

The cleaving area A2 is an area in which a cleaving step is
executed. In the cleaving step, the glass film G successively
delivered in the longitudinal direction thereof along the hori-
zontal conveyance section 5 is successively cleaved along a
preset cleaving line (not shown) extending in the delivery
direction (longitudinal direction), to thereby divide the glass
film G into a product glass portion Ga and an unnecessary
glass portion Gb. Specifically, in the method of successively
forming the glass film G from molten glass as in the above-
mentioned overflow downdraw method, in a widthwise cen-
tral region of the glass film G, the accuracy of the dimension
or the like is ensured to the extent that the widthwise central
region is available as a glass product, but in a widthwise end
region of the glass film G, the accuracy of the dimension or
the like is not ensured to the extent that the widthwise end
region is available as a glass product, in many cases. There-
fore, the glass film G is divided into the product glass portion
Ga and the unnecessary glass portion Gb by providing the
above-mentioned cleaving area A2 in which the cleaving step
is executed.

The above-mentioned cleaving area A2 in which the cleav-
ing step is executed is provided between localized heating
means 12 and cooling means 13, which are disposed along the
horizontal conveyance section 5 in the stated order. The local-
ized heating means 12 is arranged for locally heating (the
region of presence of) the preset cleaving line extending in the
longitudinal direction of the glass film G, and for example,
there is used a laser irradiation device capable of irradiation of
a laser such as a carbon dioxide laser. The cooling means 13
is arranged for cooling the portion of the glass film G which
is locally heated by the localized heating means 12, and for
example, there is used a device capable of jetting, onto the
glass film G, a coolant such as a cooling liquid, a cooling gas,
or a mixture of the cooling liquid and the cooling gas. Note
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that, on the upstream side of the localized heating means 12,
crack forming means 11 such as a diamond cutter or a laser
irradiation device is provided.

In the above-mentioned structure, when a longitudinal end
portion of the glass film G delivered along the horizontal
conveyance section 5 to the downstream side reaches a region
opposed to the crack forming means 11, an initial crack
serving as a cleaving start point is formed by the crack form-
ing means 11 in a predetermined widthwise position of the
longitudinal end portion of the glass film G. When the glass
film G having the initial crack formed therein is further deliv-
ered along the horizontal conveyance section 5 to the down-
stream side so that the longitudinal end portion of the glass
film G reaches a region opposed to the localized heating
means 12, the localized heating means 12 starts to irradiate
(the initial crack of) the glass film G with a laser. Subse-
quently, the glass film G is further delivered to the down-
stream side while being kept irradiated with the laser. Accord-
ingly, a predetermined widthwise portion of the glass film G
is locally heated along the delivery direction successively.
When the locally heated portion of the glass film G passes
through a region opposed to the cooling means 13, the locally
heated portion of the glass film G is cooled by the jet of the
coolant from the cooling means 13, and by a thermal stress
generated along therewith, the initial crack is propagated to a
rear side in the delivery direction along with the delivery of
the glass film G. As described above, the band-like glass film
G is successively cleaved along the preset cleaving line
extending in the longitudinal direction thereof, and is thus
divided into the product glass portion Ga and the unnecessary
glass portion Gb. Both the product glass portion Ga and the
unnecessary glass portion Gb are continuously delivered
along the horizontal conveyance section 5 to the downstream
side.

On the downstream side of the above-mentioned cleaving
area A2, the separating area A3 is provided. In the separating
area A3, there is executed a separating step of separating the
product glass portion Ga and the unnecessary glass portion
Gb from each other by changing the delivery direction of at
least one of the product glass portion Ga and the unnecessary
glass portion Gb. In this embodiment, the delivery direction
of the product glass portion Ga remains as the horizontal
direction, whereas the delivery direction of the unnecessary
glass portion Gb is changed from the horizontal direction to
an inclined direction, which is inclined at a predetermined
angle from the horizontal direction. Subsequently, the unnec-
essary glass portion Gb is delivered to the downstream side
along the inclined conveyance section 6 extending so as to be
branched from the horizontal conveyance section 5. As a
matter of course, unlike this embodiment, the delivery direc-
tion of the unnecessary glass portion Gb may remain as the
horizontal direction, whereas the delivery direction of the
product glass portion Ga may be changed, and alternatively,
the delivery directions of both the product glass portion Ga
and the unnecessary glass portion Gb may be changed. Note
that, the inclined conveyance section 6 includes a conveyor 7
having a similar structure as those of the horizontal convey-
ance section 5.

A separation start point X, of the product glass portion Ga
and the unnecessary glass portion Gb is provided in a position
shifted by a predetermined amount from a cleaving comple-
tion point (installation position of the cooling means 13) X, of
the glass film G to the downstream side. This is because, when
the separation start point X, of both the glass portions Ga and
Gb and the cleaving completion point X, of the glass film G
are set extremely close to each other so that the separation of
both the glass portions Ga and Gb is started immediately after
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the division of the product glass portion Ga and the unneces-
sary glass portion Gb is completed, the initial crack may be
propagated in a direction different from the predetermined
direction, and the cleaving accuracy of the glass film G and,
by extension, the quality of the product glass portion Ga may
be affected adversely. For this reason, apart from the variation
that depends on the thickness of the glass film G or the like,
the separation start point X, of the product glass portion Ga
and the unnecessary glass portion Gb is, for example, pro-
vided ina position shifted by about 700 mm from the cleaving
completion point X, of the glass film G to the downstream
side.

Note that, the above-mentioned separating step (separating
area A3) is not necessarily provided, but when the separating
step (separating area A3) is provided, it is possible to prevent,
to the extent possible, adjacent cleaved surfaces of the prod-
uct glass portion Ga and the unnecessary glass portion Gb
from interfering with each other, which may result in a small
defect occurring in the cleaved surface of the product glass
portion Ga. Therefore, such a configuration is advantageous
in obtaining a high-quality product glass portion Ga (glass
product).

Inthefinishing area A4, there is executed a finishing step of
finishing the product glass portion Ga, which is separated
from the unnecessary glass portion Gb and continuously
delivered in the longitudinal direction, into a predetermined
glass product. Although a detailed illustration is omitted, in
the finishing area A4, for example, there is provided a roll-up
device for rolling, into a roll shape, the band-like product
glass portion Ga continuously delivered in the longitudinal
direction thereof to obtain a so-called glass roll, or a cutting
device for sequentially cutting the band-like product glass
portion Ga to obtain glass sheets having a predetermined
dimension. Note that, the above-mentioned glass product
obtained in the finishing area A4 is delivered to a customer or
to the subsequent step.

The collecting area A5 is an area in which a collecting step
is executed. In the collecting step, the unnecessary glass
portion Gb, which is separated from the product glass portion
Gaand continuously delivered in the longitudinal direction, is
sequentially broken or shattered to be collected. In this area,
at a downstream end of the inclined conveyance section 6,
there is provided a collecting device 10 for shattering the
band-like unnecessary glass portion Gb into minute glass
pieces and collecting the glass pieces. Note that, the glass
pieces collected by the collecting device 10 are reused or
discarded.

Although a detailed illustration is omitted, the collecting
device 10 includes, for example, a shattering passage that
forms a space for shattering the unnecessary glass portion Gb,
suction means for causing the unnecessary glass portion Gb
delivered along the inclined conveyance section 6 to enter the
shattering passage and sucking glass pieces generated by
shattering the entered unnecessary glass portion Gb, and a
collecting box for collecting the sucked glass pieces. The
collecting device 10 executes shattering processing in the
following manner. First, when the suction means is activated
and the atmospheric pressure inside the shattering passage
becomes a negative pressure, there is formed an airflow flow-
ing inside the shattering passage from an introduction port
(opening portion on the upstream side) toward a delivery port
(opening portion on the downstream side) of the shattering
passage. As a result, the unnecessary glass portion Gb intro-
duced into the shattering passage is affected by the above-
mentioned airflow on the shattering passage to vibrate in a
thickness direction of the unnecessary glass portion Gb, and
collides against an inner wall of the shattering passage.
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Through the repetitive collisions, the band-like unnecessary
glass portion Gb is shattered into minute glass pieces, and the
glass pieces are delivered through the delivery port of the
shattering passage and collected by the collecting box.

In the manufacturing method for a glass film according to
the present invention, after the cleaving step is executed,
vibration regulating processing of regulating vibrations of the
unnecessary glass portion Gb in the thickness direction
thereofis performed in at least one location in the longitudinal
direction of the unnecessary glass portion Gb, and mean-
while, the above-mentioned collecting step is executed on the
downstream side of the vibration regulating processing loca-
tion. In this embodiment, in order to execute the vibration
regulating processing of regulating vibrations of the unnec-
essary glass portion Gb in the thickness direction thereof after
the cleaving step is executed and before the separating step is
executed, there is provided vibration regulating means 20 for
executing vibration regulating processing on the downstream
side of the cleaving area A2 and on the upstream side of the
separating area A3. As illustrated in FIG. 2 as an enlarged
view, the vibration regulating means 20 includes a first mem-
ber B1 and a second member B2 for nipping the unnecessary
glass portion Gb in the thickness direction thereof. The first
member B1 and the second member B2 are to be brought into
contact with the front surface and the back surface of the
unnecessary glass portion Gb, respectively, and a roller mem-
ber 22 and the above-mentioned conveyor 7 herein serve as
the first member B1 and the second member B2, respectively.

The roller member 22 serving as the first member B1 is
rotatably mounted onto a lower end of a cylinder 21 (cylinder
rod 21a) that is telescopically movable in a direction (vertical
direction) orthogonal to the delivery direction of the unnec-
essary glass portion Gb. A drive source for rotationally driv-
ing the roller member 22 is not provided, and hence the roller
member 22 rotates (draggably rotates) when being brought
into contact with the front surface of the unnecessary glass
portion Gb that is delivered in the longitudinal direction
thereof. In the vibration regulating means 20 of this embodi-
ment, an extension/retraction amount (amount of extension
from a retraction limit position) of the cylinder rod 21a of the
cylinder 21 is adjusted so that a nipping force for the unnec-
essary glass portion Gb (vibration regulating force for the
unnecessary glass portion Gb) is adjustable.

The above-mentioned structure is employed for the follow-
ing reason. That is, in the manufacturing line 1 for a glass film
having the structure described above, except for the early
stage of forming the glass film G, the cleaving step in which
successive cleaving of the glass film G is executed and the
collecting step in which the unnecessary glass portion Gb is
shattered and collected are progressed at the same time. Dur-
ing the period in which the unnecessary glass portion Gb is
being sequentially shattered, as described above, there occur
such vibrations that the unnecessary glass portion Gb con-
tinuously delivered in the longitudinal direction thereof
vibrates in the thickness direction thereof. When the above-
mentioned respective steps are executed at the same time
without taking any measure, the vibrations occurring along
with the shattering of the unnecessary glass portion Gb are
transmitted to part of the glass film G that is present in the
cleaving area A2 (part of the glass film G that is being
cleaved). As a result, the cleaving accuracy of the glass film G
and, by extension, the quality of the product glass portion Ga
are affected adversely. When the part of glass film G that is
being cleaved vibrates in the thickness direction thereof, in
the case where the crack is propagated along the preset cleav-
ing line by cooling performed by the cooling means 13, the
crack is not easily propagated along the preset cleaving line.
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In contrast, as in the present invention, when the vibration
regulating processing of regulating vibrations of the unnec-
essary glass portion Gb in the thickness direction thereof is
performed, and meanwhile, the unnecessary glass portion Gb
is sequentially shattered (collected) on the downstream side
of'the vibration regulating processing location, the vibrations
occurring along with the shattering of the unnecessary glass
portion Gb are not easily transmitted to the part of the glass
film G that is present in the cleaving area A2, with the result
that the cleaving accuracy of the glass film G and, by exten-
sion, the quality of the product glass portion Ga are improved.
In addition, such an effect is obtained by regulating, after the
cleaving step is executed, the vibrations of the unnecessary
glass portion Gb in the thickness direction thereof in one
location in the longitudinal direction of the unnecessary glass
portion Gb, which is continuously delivered in the longitudi-
nal direction. Thus, it is possible to avoid unnecessarily upsiz-
ing the manufacturing line 1 for a glass film.

In particular, in this embodiment, the above-mentioned
vibration regulating processing is performed between the
cleaving area A2 and the separating area A3, and hence the
effect of absorbing the vibrations can be enhanced as com-
pared to the case of performing the vibration regulating pro-
cessing on the downstream side of the separating area A3.
Therefore, such a configuration is advantageous in obtaining
a high-quality product glass portion Ga.

Further, the vibration regulating processing is performed
by nipping the unnecessary glass portion Gb using the first
member B1 and the second member B2 to be brought into
contact with the front surface and the back surface of the
unnecessary glass portion Gb, respectively. In addition, par-
ticularly as the second member B2, the conveyor 7 for con-
tinuously delivering the unnecessary glass portion Gb to the
downstream side is used. Thus, the occurrence of the vibra-
tions of the unnecessary glass portion Gb in the thickness
direction thereof can be regulated by taking a simple measure.

Hereinabove, the embodiment of the present invention has
been described, but the vibration regulating means 20 that
may be employed for performing the vibration regulating
processing is not limited to the vibration regulating means
described above.

FIG. 3 is an enlarged view illustrating another example of
the vibration regulating means 20. The vibration regulating
means 20 of FIG. 3 is different in structure from the vibration
regulating means 20 described above mainly in that: (1) after
the cleaving step is executed, the vibrations of the unneces-
sary glass portion Gb in the thickness direction thereof can be
regulated in a plurality of separate locations in the longitudi-
nal direction of the unnecessary glass portion Gb, which is
continuously delivered to the downstream side; and (2) as the
first member B1 for nipping the unnecessary glass portion Gb
in cooperation with the conveyor 7 serving as the second
member B2, there is used a member movable in synchroni-
zation with the unnecessary glass portion Gb under a state in
which the member is held in contact with the front surface of
the unnecessary glass portion Gb. When the structure of the
above-mentioned item (1) is employed, there is an advantage
that the vibrations of the unnecessary glass portion Gb in the
thickness direction thereof can be regulated more effectively
as compared to the case where the vibrations are regulated in
only one location in the longitudinal direction of the unnec-
essary glass portion Gb.

In this embodiment, the first member B1 includes a weight
24 to be placed, after the cleaving step is executed, on the
front surface of the unnecessary glass portion Gb that is
continuously delivered in the longitudinal direction thereof,
and in this case, a plurality of weights 24 are provided. The
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plurality of weights 24 are supported by weight support/
synchronous movement means 23 for supporting the weights
24 s0 as to be movable in synchronization with the unneces-
sary glass portion Gb that is delivered along the horizontal
conveyance section 5 (conveyor 7) to the downstream side. A
main part of the weight support/synchronous movement
means 23 is constructed of rotators 27 and 27 disposed in two
separate locations in the longitudinal direction of the unnec-
essary glass portion Gb, at least one of the rotators 27 and 27
being rotationally driven by a drive source (not shown) at the
same speed as the delivery speed of the unnecessary glass
portion Gb, an endless weight conveying member 25 looped
around both the rotators 27 and 27, and a plurality of weight
supporting members 26, which are fixed at one end to the
weight conveying member 25 and support the respective
weights 24 at the other end in a suspended manner. Note that,
in the vibration regulating means 20 of this embodiment, a
weight of each weight 24 serving as the first member B1 is
adjusted so that a nipping force for the unnecessary glass
portion Gb (vibration regulating force for the unnecessary
glass portion Gb) is adjustable.

By the way, in a case where the finishing step to be per-
formed in the finishing area A4 is, for example, configured so
that the product glass portion Ga is rolled into a roll shape to
obtain a so-called glass roll, a predetermined tension is
applied to the product glass portion Ga that is continuously
delivered to the downstream side after the cleaving step is
performed. On the other hand, no tension is applied to the
unnecessary glass portion Gb that is continuously delivered to
the downstream side after the cleaving step is performed. In
addition, the longitudinal end portion of the unnecessary
glass portion Gb is sequentially shattered (collected) in the
collecting device 10, and hence the unnecessary glass portion
Gb may be delivered to the downstream side without the
smoothness corresponding to that of the product glass portion
Ga. Therefore, the delivery speed differs between the product
glass portion Ga and the unnecessary glass portion Gb, and
the difference in delivery speed may cause a distortion C as
illustrated in FIG. 4a in the longitudinal direction of the
unnecessary glass portion Gb. When the distortion C is acci-
dentally transmitted to the part of the glass film G that is
present in the cleaving area A2, the cleaving accuracy of the
glass film G is affected adversely. In contrast, when the struc-
ture of this embodiment is employed, the above-mentioned
problem can be prevented to the extent possible. This is
because, as illustrated in FIG. 45, the distortion C can be
absorbed between the two adjacent weights 24 and 24.

Note that, the method for absorbing the distortion C occur-
ring in the longitudinal direction of the unnecessary glass
portion Gb is not limited to the above-mentioned method.

For example, as illustrated in FIGS. 5a to 5d, the roller
member 22 serving as the first member B1 for nipping the
unnecessary glass portion Gb in cooperation with the con-
veyor 7 serving as the second member B2 is arranged in a
plurality of (in the example of FIGS. 5a to 54, four) separate
locations in the longitudinal direction of the unnecessary
glass portion Gb, and a timing at which each roller member 22
is pressed against the front surface of the unnecessary glass
portion Gb is arbitrarily adjusted depending on the position of
the distortion C that is present in the longitudinal direction of
the unnecessary glass portion Gb. With this structure as well,
it is possible to absorb the distortion C caused by the differ-
ence in delivery speed between the product glass portion Ga
and the unnecessary glass portion Gb. Note that, even in the
case where this structure is employed, in order to avoid the
adverse effect on the cleaving accuracy of the glass film G due
to the vibrations occurring along with the sequential shatter-
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ing of the unnecessary glass portion Gb, at least one of the
roller members (first member B1) and the conveyor 7 (second
member B2) are configured to nip the unnecessary glass
portion Gb therebetween.

In the above description, the so-called overflow downdraw
method is employed as the method of forming the glass film
G in the forming area Al, but the present invention is also
applicable to a case of employing, as the method of forming
the glass film G in the forming area A1, other methods such as
a slot downdraw method and a float method, which are
capable of forming the band-like glass film G from molten
glass similarly to the overflow downdraw method. Further,
the present invention is also suitably applicable to a case of
employing, as the method of forming the glass film G in the
forming area Al, a so-called redraw method, in which a
solidified glass base material for fabrication is heated and
drawn.

Further, in the above description, the present invention is
applied to the manufacturing method for a glass film in which
the collecting step of sequentially shattering and collecting
the unnecessary glass portion Gb, which is continuously
delivered in the longitudinal direction thereof, is executed
after the execution of the cleaving step of dividing the glass
film G, which is formed by the successive drawing from the
forming device 2 (forming area Al), into the product glass
portion Ga and the unnecessary glass portion Gb. In other
words, the present invention is applied to the case where the
forming of the glass film G, the successive cleaving of the
glass film G, and the shattering/collecting processing for the
unnecessary glass portion Gb are progressed at the same time.
Alternatively, the present invention is also suitably applicable
to a case where the step of forming the glass film G is not
included.

FIG. 6 is an illustration of a specific example of the above-
mentioned case. FIG. 6 illustrates a case where the present
invention is applied to the following manufacturing line 1 for
a glass film. That is, the cleaving step of dividing the glass
film G, which is unrolled from a so-called glass roll Gr and
delivered in the longitudinal direction thereof, into the prod-
uct glass portion Ga and the unnecessary glass portion Gb is
executed, and then the collecting step of sequentially shatter-
ing and collecting the unnecessary glass portion Gb, which is
continuously delivered in the longitudinal direction thereof
(and the finishing step of finishing the product glass portion
Ga, which is continuously delivered in the longitudinal direc-
tion thereof, into a predetermined glass product), are
executed.

Note that, in FIG. 6, the vibration regulating means 20
illustrated in FIG. 1 (and FIG. 2) is employed, but as a matter
of course, the vibration regulating means 20 as illustrated in
FIG. 3 or FIG. 5 may be employed for the manufacturing line
1 for a glass film as illustrated in FIG. 6.

Further, in the above description, the present invention is
applied to the case of executing, in the collecting step for the
unnecessary glass portion Gb, the processing of shattering the
band-like unnecessary glass portion Gb into minute glass
pieces and collecting the glass pieces. Alternatively, the
present invention is also suitably applicable to a case of
executing, in the collecting step for the unnecessary glass
portion Gb, processing of breaking the long, band-like unnec-
essary glass portion Gb into short glass sheets and collecting
the glass sheets.

REFERENCE SIGNS LIST

1 manufacturing line for a glass film
2 forming device
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3 conveyance device

4 curved conveyance section

5 horizontal conveyance section

6 inclined conveyance section

7 conveyor (second member)

10 collecting device

12 localized heating means

13 cooling means

20 vibration regulating means

22 roller member (first member)

24 weight (first member)

Al forming area

A2 cleaving area

A3 separating area

A4 finishing area

AS5 collecting area

B1 first member

B2 second member

G glass film

Ga product glass portion

Gb unnecessary glass portion

The invention claimed is:

1. A manufacturing method for a glass film, the manufac-

turing method comprising:

a cleaving step of separating a glass film having a band
shape into a product glass portion and an unnecessary
glass portion by successively cleaving, while delivering
the glass film in a longitudinal direction thereof by a
horizontal conveyance section extending in a horizontal
direction, the glass film along a preset cleaving line
extending in the longitudinal direction using a thermal
stress that is generated along with localized heating per-
formed along the preset cleaving line and cooling per-
formed after the localized heating;

after the cleaving step, a collecting step of sequentially
breaking or shattering the unnecessary glass portion,
which is continuously delivered in the longitudinal
direction, and collecting the broken or shattered unnec-
essary glass portion; and

a vibration damping step of damping vibrations of the
unnecessary glass portion in a thickness direction
thereof after the unnecessary glass portion has been
separated from the product glass portion in the cleaving
step, by nipping the unnecessary glass portion by a first
member contacting a front surface of the unnecessary
glass portion and the horizontal conveyance section as a
second member contacting a back surface of the unnec-
essary glass portion in at least one location in the longi-
tudinal direction ofthe unnecessary glass portion, which
is continuously delivered in the longitudinal direction by
the horizontal conveyance section, the collecting step
being executed on a downstream side of the at least one
location of the vibration damping step such that the
vibrations generated while the unnecessary glass por-
tion is sequentially broken or shattered in the collecting
step are prevented from being transmitted to the glass
film present in a cleaving area where the cleaving step is
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executed, wherein the front surface of the unnecessary
glass portion is uncontacted at the cleaving step.

2. The manufacturing method for a glass film according to
claim 1, wherein the vibration damping step comprises damp-
ing the vibrations of the unnecessary glass portion in the
thickness direction thereof in a plurality of separate locations
in the longitudinal direction of the unnecessary glass portion.

3. The manufacturing method for a glass film according to
claim 1, further comprising, after the cleaving step, a sepa-
rating step of moving the product glass portion and the unnec-
essary glass portion away from each other by changing a
delivery direction of at least one of the product glass portion
and the unnecessary glass portion,

wherein the cleaving step is followed by the vibration

damping step, and the separating step is executed on a
downstream side of the at least one location of the vibra-
tion damping step.

4. The manufacturing method for a glass film according to
claim 1, wherein the first member comprises a draggably
rotatable roller member.

5. The manufacturing method for a glass film according to
claim 1, wherein the first member comprises a member mov-
able in synchronization along the longitudinal direction with
the unnecessary glass portion while changing a position in the
longitudinal direction under a state in which the member is
held in contact with the front surface of the unnecessary glass
portion.

6. The manufacturing method for a glass film according to
claim 1, wherein

the collecting step comprises shattering the unnecessary

glass portion into glass pieces and collecting the glass
pieces, and

the shattering includes introducing the unnecessary glass

portion into a shattering passage through an introduction
port located at one end side of the shattering passage and
vibrating the unnecessary glass portion by an airflow
formed inside the shattering passage to collide the
unnecessary glass portion against an inner wall of the
shattering passage.

7. The manufacturing method for a glass film according to
claim 2, further comprising, after the cleaving step, a sepa-
rating step of moving the product glass portion and the unnec-
essary glass portion away from each other by changing a
delivery direction of at least one of the product glass portion
and the unnecessary glass portion,

wherein the cleaving step is followed by the vibration

damping step, and the separating step is executed on a
downstream side of the at least one location of the vibra-
tion damping step.

8. The manufacturing method for a glass film according to
claim 1, wherein the first member has a central axis that is
parallel to the front surface of the unnecessary glass portion.

9. The manufacturing method for a glass film according to
claim 1, wherein the horizontal conveyance section is an
endless belt member.



